I. INTRODUCTION
Micro/nanoelectromechanical systems (M/NEMS) have been an area of intense research in the past decades due to their high sensitivity, low fabrication cost, and fast response as well as availability of measurement modes and wide spectrum of measurable phenomena 1,2 . It is well known that miniaturization has several positive effects, such as improving the limit of detection in sensing mass 3 or gas 4 and enabling mechanics-based logic to become a viable alternative to metal-oxide-semi-conductor (MOS) transistors 5, 6 .
However, miniaturization comes at the cost of greater difficulty in fabrication and integration. To effectively actuate and detect the motion of M/NEMS, piezoelectricity has become highly utilized due to its low power consumption, scalability 7 , extreme linearity and easy integration 8 in comparison with optical 9 , electrostatic 10 or magnetomotive 11 transduction techniques.
Several piezoelectric materials have been explored for integration in M/NEMS, including lead zirconium titanate (PZT) 12 , zinc oxide (ZnO) 13 and aluminum nitride (AlN) 14 . AlN is one of the most commonly used materials due to its low loss tangent (both dielectric and mechanical), structural and chemical stability. AlN thin films can be deposited via several methods, including molecular beam epitaxy (MO-CVD) 15 , pulsed 26 . To improve the crystalline quality of AlN ultra-thin films, some investigations have been made, such as using multiple deposition steps during reactive sputtering 24 and adding annealing during AlN sputtering deposition steps 27 .
In order to use AlN to actuate and detect the motion of M/NEMS, AlN must be sandwiched by metal electrodes. The most typically used are aluminum (Al), due to its low density, molybdenum (Mo), due to its high acoustic velocity, and platinum (Pt), since it has been shown that Pt gives the best growth conditions for highly textured AlN thin films 28 . In order to improve the surface quality and adhesion of said bottom metal, a thin seed layer has been repeatedly used between the electrode and the substrate. Two typical examples stand out: Ti and AlN. It has been shown that a thin (~10 nm) Ti layer serves as a good adhesion promoter for the metal electrode, e.g. Pt, to the underlying substrate 26 .
AlN has been utilized in a number of works with piezoelectriclayer thicknesses of or below 100nm 8, 20, 24, 29 . However, little has been said on the effect of seed layers on the crystallization of the thin films grown above it.
In this work, we investigate the effect of a seed layer on the crystalline and piezoelectric properties of the piezoelectric layer of AlN (from now on the "PZE layer") that is sandwiched between Pt electrodes. We first compare Ti versus AlN as a seed layer in the growth of highly textured AlN thin films through x-ray diffraction (XRD) analysis.
After, PZE layers grown on top of various AlN seed layer thicknesses are prepared.
Through characterization of the crystallinity and piezoelectric response, an apparent loss of crystallographic quality is revealed despite a slightly improved piezoelectric response compared to state of the art. This apparent contradiction (with reported values) is explained by demonstrating that the XRD measurements are a convolution of two peaks, one from the AlN seed layer and one from the PZE layer, which leads to a broadening of the rocking curve full width half maximum (FWHM).
II. EXPERIMENTAL DETAILS

A. Thin Film Deposition
All thin film depositions are attained with a DC magnetron sputtering tool (Pfeiffer Spider 600) on 380 μm thick <100> silicon wafers with 1 um wet SiO2. In order to clean any possible residues residing on the substrates, a radio frequency (RF) etch step of 15 seconds is performed within the tool directly before deposition of the thin films. 
B. Crystallographic and Piezoelectric Characterization
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A XRD system (D8 Discover, Bruker, Germany) with a resolution of 0.001° is used to take θ-2θ scans over a large range, including the Si <400> peak and the <0002> AlN peak, the later also being characterized by rocking curves. The piezoelectric quality of the films are characterized with a double laser interferometric setup, described elsewhere 30 and compared to finite element analysis to correlate electrode size with the apparent piezoelectric response 31 .
C. Test Devices Fabrication
The fabrication process for the test devices used in the piezoelectric response measurements is shown in Figure 1 . After the deposition of the full stack (Figure 1 (A) ), a photolithography step is made to pattern the top two layers (Figure 1 Cross sections are not to scale.
III. EXPERIMENTAL RESULTS
We first measure θ-2θ and rocking curves on full stacks with either a Ti or AlN seed layer. The FWHM of the rocking curves are calculated through a Gaussian fitting: a
Ti seed layer provides a full stack rocking curve FWHM of approximately 2.6°, while a FWHM of 2.0° is found when using an AlN seed layer of the same thickness, i.e. 15 nm.
Based on work by F. Martin et al. 26 , who found a correlation between the FWHM of rocking curves of the AlN <0002> crystallographic peak and measured piezoelectric coefficients, we deduce that AlN as a seed layer material yields growth of a higher quality PZE layer compared to Ti. As a consequence, we decide to focus our efforts on using AlN as a seed layer.
To study the influence of the AlN seed layer thickness on the piezoelectric quality of the PZE layer, four different AlN seed layer thicknesses (15, 25, 50 and 100 nm) are deposited on different wafers and compared to deposited full stacks with the same respective seed layer thicknesses. The FWHM of the rocking curves measured for both the seed layers and full stacks are shown in Figure 2 . As the seed layer thickness increases, the FWHM of its measured rocking curve significantly decreases, signaling an improvement in crystalline quality. However, a small increase is seen in the FWHM of the full stack as the seed layer thickness increases, a seemingly surprising result since it is expected that improved crystallinity of underlying layers should improve the crystallinity of the PZE layer. In addition, based on the work from Martin et al. 26 , one could go further and deduce that the piezoelectric coefficient for PZE layers with a thicker seed layer are worse than those with a thinner seed layer. 
IV. Gaussian Analysis
The discrepancy between XRD measurements and piezoelectric response can be explained by taking into account that the XRD measurement of the overall stack returns signals not only from the PZE layer, but also the AlN seed layer, due to the fact that the X-rays penetrate and interact with both layers. Therefore, a Gaussian analysis in MATLAB ® is completed on the θ-2θ data of both the seed layer only and full stack samples to determine the contribution of both layers to the full stack <0002> crystallographic peak.
First, a 1-term Gaussian with a linear background subtraction is fitted to the AlN seed layer θ-2θ <0002> crystallographic peak to find the peak center ( ) and its standard deviation ( ). These values are then applied to a 2-term Gaussian with a linear background that is fitted to the full stack <0002> peak, which is shown in Eq (1):
Where the first exponential term corresponds to the AlN seed layer, the second to the PZE layer and C1 and C2 correspond to a linear background. As discussed above, The results of the 2-term Gaussian fitting for each full stack are plotted against the raw data in Figure 4 (A-D). Each Gaussian term (and therefore the signal from each AlN layer) to the 2-term Gaussian fitting are also graphed to demonstrate their respective contributions. The conclusion that can be drawn from these results is that if AlN is used as a seed layer in the manner described above, one must ensure that the seed layer is much thinner than the PZE layer to minimize discrepancies between XRD measurements and piezoelectric response. 
V. SUMMARY AND CONCLUSIONS
In this paper, we report on studies of AlN as an alternative seed layer to Ti for is close or larger than the PZE layer thickness, its contribution to the measured <0002> crystallographic peak of AlN can increase, enlarging the measured full stack peak.
However, piezoelectric response is not influenced by AlN seed layer thickness.
Therefore, if rocking curve analysis is used to validate AlN thin films grown on a AlN seed layer, either the ratio of AlN seed/PZE layer thickness must be low or the analysis must be assumed to be skewed towards worse results than in reality.
